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INTRODUCTION
Genus Sphaerotheca was described by Günther (1859) . Vences et al. (2000) provided the genetic basis for the validity of genus Sphaerotheca and characterized it as a generalized pond breeder, which lay large number of single eggs into shallow, often temporary pools; keratodont formula 1:1+1/3; a broad upper gap in the marginal papillae of tadpoles; absence of derived shape of the dorsal ilium processes; presence of three free distal tarsals; omosternum moderately forked; distinct sesamoid present; short second finger as compared with the first finger; and nuptial pads not black. Genus Sphaerotheca, which is endemic to South Asia, includes eight valid species under three morphological groups (Dahanukar et al. 2017) , viz., Breviceps group: S. breviceps (Schneider, 1799) , S. maskeyi (Schleich & Anders, 1998) , and S. rolandae (Dubois, 1983) ; Dobsoni group: S. dobsonii (Boulenger, 1882) , S. pluvialis (Jerdon, 1853) , and S. swani (Myers & Leviton in Leviton et al., 1956) ; and Leucorhynchus group: S. leucorhynchus (Rao, 1937) , and S. strachani (Murray, 1884) .
Both Dubois (1983) and Dutta (1986) considered the widely distributed species S. breviceps as a species complex. Dutta (1986) suggested presence of at least one more undescribed species in this complex, while Vences et al. (2000) mentions that "a further species from Goa, western India, is about to be described by A. K. Sarkar (pers. comm.) ". No such species, however, has been described from Goa, or western India in general, till date.
While studying the specimens previously identified as S. breviceps from Western Maharashtra, Gujarat and Karnataka, and comparing them with type and topotypic material of S. breviceps and other available names under Sphaerotheca, we realized that the western Indian specimens are morphologically distinct. This species is described as S. pashchima sp. nov.
MATERIALS AND METHODS

Specimen collection
Specimens of the new species were collected from western Maharashtra, Gujarat and Karnataka states, India. The specimens were collected from a variety of habitats, including agricultural fields, semi arid grasslands and temporary rainwater pools in semievergreen forests. Specimens were preserved in 100% ethanol and transferred to 70% ethanol for long term preservation.
Museum details
Specimens studied are in the Indian museum collections of the Bombay Natural History Society (BNHS, Mumbai), the Zoological Survey of India (ZSI, Kolkata), the Zoological Survey of India, Western Regional Centre (ZSI-WRC, Pune), the Wildlife Information Liaison Development (WILD, Coimbatore), the Abasaheb Garware College, Zoology Research Laboratory (AGCZRL, Pune), and the Institute of Natural History Education and Research (INHER, Pune); the Museum für Naturkunde (ZMB), Berlin, Germany; the California Academy of Sciences, Stanford University collection (CAS-SU), San Francisco, USA; the Zoologische Staatssammlung München, Germany; and the Natural History Museum (BMNH), London, UK.
Morphometry
Measurements were taken to the nearest 0.1mm using a digital calliper (Ocean Premium measuring instruments) and include: Length of specimen from snout to the visible tip of urostyle (SUL), head length (HL), head width (HW), nostril to snout distance (SN), inter narial distance (IN, measured between the centre of the nares), horizontal diameter of the eye (EL), eye to snout distance (SL), eye to nostril distance (EN), shortest distance between eyes (IUE), upper eyelid width (UEW), tympanum diameter (TYD), distance from tympanum to the back of the eye (TYE), length of hand (HAL), F1 to F4 (Finger 1 to Finger 4 length from the base of the sub-articular tubercle), length of forelimb (FLL), length of femur (FL), length of Tibia (TL), foot length (FoL, measured from the base of the inner metatarsal tubercle to the tip of the 4 th toe), T1 to T5 (Toe1 to Toe5 length from the base of the respective sub-articular tubercle), and Inner metatarsal tubercle length (IMT). Webbing formula was determined following the method provided by Savage & Heyer (1967) with modifications by Myers & Duellman (1982) .
Statistical analysis
All morphometric characters showed positive linear correlation with SUL. Therefore, to remove size bias, statistical analysis of the morphometric data was performed on size adjusted measurements by taking all measurements as percent of SUL. We used morphometric data of species other than the new species from Dahanukar et al. (2017) . Multivariate normality of the data was checked using Doornik & Hansen (2008) omnibus. Discriminant analysis (DA) was performed to understand whether related species form significantly different clusters (Huberty & Olejnik 2006) in the genus Sphaerotheca. Mahalanobis distances (Harris 2001) between pair of individuals were calculated and were used for computing Fisher's distances (distance between the centroids of the clusters, divided by the sum of their standard deviations) between two clusters to check if the clusters were significantly different. Statistical analysis was performed in PAST 3.12 (Hammer et al. 2001 ).
Molecular analysis
Thigh muscle tissue was harvested from 16 specimens of the new species (marked by asterisk in Table 1 ). Tissues were preserved in absolute ethanol. DNA extraction, PCR amplification of 16S rRNA gene and sequencing protocols followed Padhye et al. (2014) . Sequences were analysed by the BLAST tool (Altschul et al. 1990 ) for similar sequences in NCBI Genbank database (www.ncbi. nlm.nih.gov). Sequences generated in the current study are deposited in GenBank under the accession numbers KY215979-KY215994. New sequences were added to the database used by Dahanukar et al. (2017) for genetic analysis. Gene sequences were aligned using MUSCLE (Edgar 2004) . Pair wise raw phylogenetic distances were calculated in MEGA 6 (Tamura et al. 2013) . Maximum likelihood phylogenetic tree was built using IQ-TREE software (Nguyen et al. 2015) where the best nucleotide substitution model was analysed based on the minimum Bayesian Information Criterion (BIC) value (Schwarz 1978; Nei & Kumar 2000) . Reliability of the phylogenetic tree was estimated with ultrafast bootstrap support (Minh et al. 2013) Diagnosis: Sphaerotheca pashchima sp. nov. differs from all other congeners based on the following combination of characters: interorbital width less than upper eyelid width; snout to nostril distance less than half of eye diameter; nostril nearer to snout than to eye; internarial distance greater than inter orbital distance; snout rounded; dorsum rough and warty; finger 2 length equal to or less than finger 4 length; finger 1 less finger 3 length; outer metatarsal tubercle absent; tibio tarsal tubercle absent; length of inner metatarsal tubercle more than three times the inner toe length; and webbing formula I1
--2 -II1-3 -III2-3½IV3½-2 + V. Description of the Holotype: (BNHS 6000, male, Image 1) (all measurements in mm) Medium sized frog (SUL 41.0); head wider than long (HW 16.9 > HL 13.7); snout longer than horizontal diameter of eye (SL 6.1 > EL 5.6); pupil diamond-shaped; outline of snout rounded dorsally as well as laterally; snout not protruding beyond the mouth ventrally; nostrils nearer to snout than to the eye (SN 2.7 < EN 3.5); tympanum about ⅔ rd the diameter of eye (TYL =3.6; EL= 5.6), very close to eye; supra-tympanic fold distinct; upper eyelid width about ⅔ rd the horizontal diameter of eye (UEW =3.3; EL= 5.6); upper eyelids slightly granular; Inter narial width greater than shortest distance between eyes (IN 4.6 > IUE 2.7); canthus rostralis distinct; loreal region slightly concave and oblique; buccal cavity shallow, vomerine teeth in two sharply oblique rows at the anterior border of choanae; tongue thin, bifid, without papilla. Dorsal skin granulated, slightly warty; ventral and lateral skin granular.
Length of forelimb greater than length of hand (FLL 10.0 > HAL 8.8); finger lengths from shortest to longest -F2 (2.8) < F4 (3.1) < F1 (3.6) < F3 (4.6); palmar tubercles present, outer palmar tubercle single, sub-articular tubercles moderate, supernumerary tubercles present, single; fingers without web or fringe of skin.
Hind limbs long; femur slightly longer than tibia (FL 15.4 > TL 15.6); foot length (FoL 15.6); toe lengths from shortest to longest are -T1 (0.9) < T2 (2.3) < T3 (3.9) < T5 (4.4) < T4 (8.0); inner metatarsal tubercle large, very prominent, compressed, shovel shaped, inserted obliquely at the base of the first toe, which it largely exceeds in length -T1 (0.9) < IMT (3.9); outer metatarsal tubercle absent; supernumerary tubercles absent; sub-articular tubercles moderate; tarsal fold and outer phalangeal fringe absent; webbing formula I0-1II1-2III2-3½IV3½ -2V. Coloration: In life (Image 2a), yellowish-brown above with dark patches, dorso-lateral yellowish patches behind the shoulders, inverted V-shaped mark on the back, yellowish band between eyes followed by a dark band, limbs cross barred, upper jaw laterally shows dark vertical bars, tympanum mottled, white spot behind tympanum at the angle of jaws, ventral side creamy white with two dark patches at the positions of vocal sacks, yellowish marbling in the groins. In preserved (Image 1), similar to that in life except greyish above with small dark patches and two dorso-lateral bright creamy patches behind the shoulders.
Etymology: 'Pashchim' (Sanskrit), means 'west' and is used to signify the distribution of the species in western India. Name is noun in apposition.
Variation: Morphometric variation is provided in Table 1 . Color variation as per Image 2. Dorsal colour may vary from dark brown to yellowish-brown with or without reddish granulation; with or without dark brown spots or patches; middorsal line maybe present; limbs usually with irregular dark cross-bands; groin and hinder side of thigh marbled dark brown and yellow, lower parts white.
Genetic analysis: Model selection suggested transition model with gamma distribution (TIM2e+G4, lnL = -1893.27, df = 51, BIC = 4111.45) as the best nucleotide substitution model. Sphaerotheca pashchima sp. nov. formed a monophyletic group distinct from S. breviceps, S. dobsonii, S. pluvialis and misidentified species from Myanmar (see Dahanukar et al. 2017) in maximum likelihood analysis (Fig. 1) . S. pashchima differed from S. breviceps by a raw genetic distance of 8.3-11.7 %, from S. dobsonii by 6.5-9.5 %, from S. pluvialis by 6.3-8.3 % and from misidentified species from Myanmar by 7.6-10.9 % (Table 2) .
Morphological analysis: Size adjusted morphometric characters were not significantly different from multivariate normal (Doornik & Hansen omnibus, Ep = 64.38, P = 0.1164). S. pashchima, S. breviceps, S. dobsonii and S. pluvialis formed distinct clusters in DA (Fig. 2) . S. pashchima was significantly different from Sphaerotheca pashchima sp. nov.
Padhye et al.
S. breviceps (Fisher's distance F = 17.42, P < 0.001), S. dobsonii (Fisher's distance F = 21.53, P < 0.001) and S. pluvialis (Fisher's distance F = 45.28, P < 0.001) (Fig. 2  inset) . S. pashchima differed from the remaining three species based on relatively higher values of characters such as IMT, EL, IN, TYD and HL and relatively lower values of characters such as FL, IUE, HW, TYE, FoL, T4L, T5L, T3L, T1L, T2L, F1L and F2L (Fig. 2) . Habitat and ecology: S. pashchima is found widely distributed in western India. It inhabits variety of habitats from high to low rainfall areas. In high rainfall areas it is sympatric to S. dobsonii. It is also found in semi arid and arid parts of Deccan plateau. In semi arid and arid areas it breeds in temporary rain water pools immediately after the first flash rains. Adults gather in large numbers at potential breeding habitats. Tadpoles are bottom dwelling and frequently come to the surface of water for breathing. Juveniles are cannibalistic; a larger one devours the smaller one of its own species.
Comparisons: S. pashchima differs from the species of Leucorhynchus group by absence of outer metatarsal tubercle (vs. present) and from the species of Dobsonii group in length of inner metatarsal tubercle more than three times the inner toe length (vs. less than 2 times). S. pashchima belongs to breviceps group of species because of absence of outer metatarsal tubercle and length of inner metatarsal tubercle more than two times the inner toe length.
Within the breviceps group, S. pashchima differs from S. breviceps by following set of characters: second finger equal to or less than fourth finger (vs. second finger longer than fourth finger), interorbital distance less than the width of upper eyelid (vs. equal to or more than upper eyelid), internarial distance greater than interorbital distance (vs. internarial distance less than inter orbital distance), snout rounded (vs. truncated), and webbing formula I1 --2 -II1-3 -III2-3½IV3½-2 + V (vs. I1
--2 -II1½-2½III2½-3½IV4 --2 + V). Further, raw genetic distance between widely distributed S. pashchima and S. breviceps is 8.3-11.7% (Table 2) .
S. pashchima differs from S. rolandae by following set of characters: first finger longer than second and fourth (vs. first finger shorter than second and fourth); tibio tarsal tubercle absent (vs. tibio tarsal tubercle present); and webbing formula I1 --2 -II1-3 -III2-3½IV3½-2 + V (vs. I1 --2 -II1½-2½III2 + -3½IV4 --2 + V). S. pashchima differs from S. maskeyi by the following set of characters: first finger shorter than third (vs. first finger longer than third), second finger equal to or less than fourth finger (vs. second finger longer than fourth finger), snout to nostril distance less than half of horizontal diameter of eye (vs. more than half horizontal diameter of eye), dorsum rough and warty (vs. dorsum smooth), nostrils nearer to the tip of snout (vs. nostrils closer to eye) and webbing formula I1 S p h a e r o t h e c a p a s h c h fim a s p . n o v . P a d h y e e t a l .
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